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. Introduction 
The Venusian g r a v i t y  da ta  derived from Pioneer Venus Orb i t e r  i n d i c a t e  
a s t rong  co r re l a t ion  of g r a v i t y  t o  topography a t  a l l  reso lvable  wavelengths 
( P h i l l i p s  and Lanmbeck, 1980; Sjogren and o t h e r s ,  1980, 1983; Reasenberg and 
o t h e r s ,  1982; Esposito and o t h e r s ,  1982; Mottinger and o the r s ,  1983, 1985). 
This result i s  i n  marked c o n t r a s t  t o  Earth f o r  w h i c h  this c o r r e l a t i o n  i s  very 
weak a t  s i m i l a r  wavelengths. Poor co r re l a t ion  between t e r r e s t r i a l  g r a v i t y  
and topography a t  long wavelengths i s  a result of  mixed modes o f  compensation 
of  t e r r e s t r i a l  topography which include c r u s t a l  th ickness  v a r i a t i o n s ,  flexure, 
l a t e r a l  hetrogeneity i n  the  thermal l i thosphere ,  and dynamic processes (e.g.  , 
Richards and Hager, 1984). 
suggests a simple global compensation mode, a t  l e a s t  t o  a f i r s t  approximation. 
However, the  charac te r  of this cor re la t ion  shows h i g h  v a r i a b i l i t y  of  different  
geographic regions of  the p lane t  (e .g . ,  Sjogren and o t h e r s ,  1983),  and both 
the co r re l a t ion  and i t s  v a r i a b i l i t y  must be considered i n  any t e c t o n i c  model 
of Venus ( P h i l l i p s  and Malin, 1984). 
The good Venusian gravi  ty-topography c o r r e l a t i o n  
The Pioneer Venus topography and g r a v i t y  sets  have provided the f i rs t  
global examinations of Venus tec tonics  t o  be made ( r ada r  imaging has provided 
regional  t ec ton ic  information), and both da ta  sets ind ica t e  major differences 
between Venus and Earth. 
Venus radio-tracking da ta  must be used d i r e c t l y  i n  a dynamical ana lys i s  (e .g . ,  
Esposito and o the r s ,  1982), o r  computation methods must be used w h i c h  simulate 
spacec ra f t  dynamics (e.g.  , Phil1 i p s  m d  others, 1978). Most previous ana lyses  
of  Venus topography and g r a v i t y  data have concentrated i n  the wave number domain, 
using e i ther  simplifying assumptions about the e f f e c t s  of  o r b i t a l  dynamics 
(e .g . ,  Sjogren and o the r s ,  1983; Bowin, 1983, 1985), o r  models t o  simulate 
the g r a v i t y  f i e l d ,  t y p i c a l l y  an array of sur face  masses o r  spher ica l  harmonic 
series (Esposi to  and o the r s ,  1982; Reasenberg and o the r s ,  1982; Bowin and o t h e r s ,  
1983; Mottinger and o t h e r s ,  1983, 1984, 1985; Williams and o t h e r s ,  1983). 
For rigorous analyses o f  these d a t a ,  e i ther  the Pioneer 
. 
. .  
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_. The present study has concentrated 3n ana lys i s  i n  t he  s p a t i a l  domain, u s i n g  
a geophysical model of topographic compensation together w i t h  the topography 
data  t o  compute grav i ty  vectors  corresponding t o  the observed data  and compari- 
son of the calculated and observed g.-avity vectors .  
allow the coverage of such la rge  areas a s  i n  wave number domain analyses ,  b u t  
has the advantage of being very sens i t ive  s p a t i a l l y  t o  breakdowns and changes 
i n  modes of compensation. 
been applied i n  a systematic manner t o  o r b i t s  a t  40" spacing around the planet  
between the l a t i t u d e s  of 30" south and 60" north.  The basic  r e s u l t s  of th i s  
T h i s  technique does not 
T h i s  spa t ia l  domain forwardmodeling technique h a s  
ana lys i s  a r e  presented here. 
Method of Analysis 
There a r e  three basic components t o  the s p a t i a l  domain forward modeling 
ana lys i s  i n  any selected a re  of study: 
t i on  models; 2 )  computation of pred'cted o r b i t a l  g rav i ty  values;  and 3) compari- 
1) generation of geophysical compensa- 
son of calculated and observed gravity values and ana lys i s  of results. T h i s  
ana lys i s  was car r ied  out  through remote access t o  t he  Lunar and Planetary Insti- 
t u t e  Geophysical Data Fac i l t y  i n  Houston, u s i n g  a standard program f o r  the 
ca lcu la t ion  of theore t ica l  o r b i t a l  g rav i ty ,  taking i n t o  account the e f f e c t s  
of spacecraf t  o rb i t a l  dynamics ( P h i l l i p s  and others, 1978), and special  rou t ines  
t o  ca l cu la t e  the  e f f e c t s  of d i f f e ren t  geophysical models f o r  the mode of topo- 
graphic compensation. 
Figure 1. 
i n  this ana lys i s  placed a t  the  center of mass of the topography and compensation. 
Analyses u s i n g  d i f f e ren t  p o i n t  mass spacings indicated the point masses a r e  
adequate representat ions of topography and compensation a t  o r b i t a l  a l t i t u d e s .  
A flow chart  f o r  the modeling procedure i s  shown i n  
Topography and compensation masses were approximated by point  masses 
In the present phase of the  study, two Compensation models were tes t s ,  c rus t a l  
i s o s t i c y  and thermal i s o s t i c y ,  the  point mass equivalents  of which a r e  shown 
i n  Figure 2. Both compensation mass d i s t r i b u t i o n s  were calculated r e l a t i v e  
3 
t o  a mean e f f e c t i v e  compensation depth  given by Z .  
access  t o  the programs used i n  t h i s  s tudy  a r e  a v a i l a b l e  a t  the Lunar and Plane- 
t a r y  I n s t i t u t e ,  Houston. 
F u l l  documentation and 
Results 
After numerous tes ts  of the  main program and compensation mass ca l cu la t ion  
rou t ines  on small a r eas  o f  the planet ,  t h e o r e t i c a l  g r a v i t y  p r o f i l e s  were ca l -  
cu la ted  f o r  nine o r b i t s  around the planet  spaced a t  approximately 40" i n t e r v a l s ,  
and extending from 30" south t o  60" north.  
p r o f i l e s  a r e  shown i n  F igure  3. 
southern sec t ion  t o  reduce the  s i zes  o f  the topography and compensation poin t  
mass a r r a y s  used i n  ca l cu la t ion  of the o r b i t a l  g rav i ty .  Topographic da ta  was 
se l ec t ed  f o r  each o r b i t a l  segment extending a t  l e a s t  8 t o  12" ou t s ide  the o r b i t a l  
t r ack  t o  minimize edge e f f e c t s ,  and 10" o f  overlap was ca lcu la ted  where the 
northern and southern o r b i t a l  segments joined.  Early analyses ind ica ted  t h a t  
the c r u s t a l  and thermal i sos t a sy  compensation models were e s s e n t i a l l y  i n d i s t -  
inguishable i n  the Pioneer Venus o rb i t a l  g r a v i t y  d a t a ,  and f o r  most of  the 
models a cons tan t  dens i ty  ( c rus t a l  i sos t a sy )  model was used w i t h  a 2.8 gms/cc 
d e n s i t y  f o r  the topography and a coi.ipensating lithosphere/asthenasphere dens i ty  
The approximate loca t ions  o f  these 
Each o r b i t  was d i v i d e d  i n t o  a northern and 
c o n t r a s t  of  0.05 gms/cc. 
mean e f f e c t i v e  d e p t h  of  compensation. 
were presented by Morgan and o the r s  (1985) and Reagan (1986), and co l l abora t ive  
studies w i t h  wave number domain gravi ty  analyses of  Venus were presented by 
P h i l l i p s  and Morgan (198+). 
The main parameter t h a t  was allowed t o  vary was the 
Preliminary results of  these studies 
I t  i s  an t ic ipa ted  t h a t  a sho r t  publ ica t ion  on 
the preliminary results will  be prepared f o r  submission during the next six 
months. High1 igh t s  of these preliminary results a r e  given below. 
of  the g r a v i t y  analyses f o r  o r b i t s  548, 575, 602, 440, and 521 a r e  shown i n  
Figures 4-8 respec t ive ly .  Each figure shows observed ( s o l i d  l i n e )  and 
ca l cu la t ed  (dashed l i n e s )  g r a v i t y  values p l o t t e d  as  a function of l a t i t u d e  
Results 
~ ~ ~~ 
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.. along the o r b i t ,  r e s u l t s  f o r  two mollel e f f e c t i v e  mean depths of compensation 
a r e  shown f o r  each p r o f i l e ,  100 kilometers ( s h o r t  dashes) and 200 kilometers 
(long dashes). These f i v e  o r b i t s  have been chosen a s  representa t ive  of the 
nine o r b i t s  analyzed i n  the study. The r e s u l t s  f o r  o r b i t  548 which passes 
t o  the  west of Beta Regio a r e  shown i n  Figure 4. The main long wavelength 
f ea tu res  of the observed g r a v i t y  are  reproduced by models f o r  both compensa- 
t i on  depths,  w i t h  the 200 kilometer compensation depth best  matching the  24 
millagal range of the observed g rav i ty .  Between approximately 20" south and 
12" north both compensation models underestimate the observed g rav i ty  suggest- 
i n g  a shallow mass excess o r  l a c k  of low dens i ty  compensation i n  th is  lowland  
region. More s i g n a l  i s  apparent i n  the ca lcu la ted  gravi ty  p r o f i l e s  between 
approximately 25 and 37" north,  where the  p r o f i l e  passes c lose  t o  Rhea Mons, 
ind ica t ing  very shallow compensatior f o r  this f ea tu re .  
O r b i t  575, the  r e s u l t s  for  w h i c h  a r e  shown i n  Figure 5,  passes through 
the southern portion of Beta Regio and  t o  the  e a s t  of Rhea Mons. 
compensation models match the gross long wavelength f ea tu res  of the  observed 
g rav i ty ,  w i t h  the  200 kilometer mean e f f e c t i v e  depth of compensation g i v i n g  
a c lose r  match, b u t  there  a r e  s ign i f i can t  d i f fe rences  a t  sho r t e r  wavelengths. 
A l a rge  pos i t ive  anomaly i n  the  observed g rav i ty  j u s t  south of the equator 
i s  not matched by e i t h e r  model, although the  200 kilometer compensation depth 
model gives a b e t t e r  match. T h i s  r e s u l t  i nd ica t e s  t h a t  southern Beta Regio 
i s  compensated a t  a g rea t e r  depth t h a n  200 kilometers a r e s u l t  i n  agreement 
w i t h  r e s u l t s  reported by Reasenberg and o thers  (1982). 
of 30" nor th ,  'the observed p r o f i l e  i s  more negative t h a n  e i t h e r  model p r o f i l e s ,  
again ind ica t ing  a g rea t e r  depth of compensation t h a n  200 kilometers.  
Aga in ,  both 
In the lowlands north 
O r b i t  602, the r e s u l t s  for  w h i c h  a r e  shown i n  Figure 6 ,  passes pr imari ly  
The observed g rav i ty  through lowlands between Beta Regio and Aphrodite Terra.  
p r o f i l e  i s  well matched by the 200 kilometer e f f e c t i v e  mean depth of compensation 
~~~ ~~ 
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., model except i n  the region from apprbximately 20 t o  37" north,  where there  
is  s i g n i f i c a n t  d i f fe rences  between observed and  ca lcu la ted .  These d i f fe rences  
occur over an area o f  ro l l i ng  plains which extend i n t o  the  lowlands, and may 
indica te  shallow low dens i ty  c r u s t  in th i s  region. 
The biggest  d i f fe rences  between observed and ca lcu la ted  o r b i t a l  g rav i ty  
values  were observed along o r b i t s  440 and 521 (Figures  7 and 8, respec t ive ly) .  
The 200 kilometer mean e f f e c t i v e  depth of compensation model gave a reasonable 
f i t  t o  the long wavelength fea tures  o f  o r b i t  440, b u t  underestimated the  maxi- 
mum anomaly along o r b i t  521. 
perhaps mode o f  compensation between western and eas te rn  Aphrodite, r e s u l t s  
cons is ten t  w i t h  wave number domain analyses by P h i l l i p s  and o thers  (1981), 
Bowin and o thers  (1985),  and Banedt (1986). Neither madel gave a good f i t  
These r e s u l t s  i nd ica t e  a d i f f e r e n t  depth and 
t o  the observed gravi ty  d a t a  i n  the region immediately t o  the north of Aphrodite 
Terra ,  ind ica t ing  complex non-isostat ic  compensation of topography i n  this 
region. 
Soviet  Venera d a t a  (Basilevsky and o thers ,  1986), and may represent  sho r t  wave- 
This region corresponds t o  an area mapped a s  parquet t e r r a i n  from 
length c rus t a l  fea tures  f l e x u r a l l y  supported. 
These r e s u l t s  i nd ica t e  t h a t  whjle the long wavelength fea tures  of the 
Venusian g rav i ty  f i e l d  a r e  well matched by an i s o s t a t i c  compensation model 
w i t h  the  mean e f f e c t  depth of compe:lsation around 200 kilometers,  sho r t  wave- 
length f ea tu res  i n  the  g rav i ty  f i e l d  a r e  complex. Preliminary ana lys i s  of 
the g rav i ty  f i e l d  i n  the s p a t i a l  domain has  i d e n t i f i e d  several  a reas  of m i s f i t  
between observed gravi ty  and  i s o s t a t i c  compensation models, suggesting regions 
f o r  de t a i l ed  fu tu re  s tud ie s .  
Discussion and Recommendations f o r  Future Studies  
Results of analyses of the Venusian g rav i ty  f i e l d  i n  the  s p a t i a l  domain 
presented here ind ica tes  s ign i f i can t  short wavelength anomalies i n  the  f i e l d  
. .  
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w h i d h  cannot be explained by a simple global i s o s t a t i c  compensation model. 
Areas of misfit between observed and  calculated g rav i ty  values do not appear 
t o  be r e s t r i c t e d  t o  any p a r t i c u l a r  elevation range, b u t  may have some cor re la -  
t i on  w i t h  map surface fea tures .  
seem f r u i t f u l  t o  continue f u r t h e r  detai led studies of loca l  areas  of misfit 
In an ana lys i s  of Venusian t ec ton ic s ,  i t  would 
between observed and calculated gravi ty  and their  r e l a t ionsh ip  t o  surface morph- 
ology. Recent advances i n  the  mapping and understanding of the surface of 
Venus (Head and o thers ,  1985; Garvin and o the r s ,  1985; Sharpton and Head, 1985, 
1986; Basilevsky and o the r s ,  1986; Barsukov and o the r s ,  1986; Davis  and others, 
1986; Head and Wilson, 1986) suggesc t h a t  the  Venusian gravi ty  f i e l d  may be 
b e t t e r  understood i n  a combined analysis  o f  local  compensation mechanisms and 
surface tec tonics .  
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Figure 2.  9ensi t y  models f o r  crustal  i sos tasy  and t he rm1  i sos t a sy  corpensation 
of vent.sian topoyaphy and t h e i r  equivalent p i n t  nazses. 
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Figure 3 .  Map shswing d i s t r ibu t ion  of topcgraphic provinces of Venus and  
approxiniate locat ions of o r b i t s  used i n  t h i s  s tudy .  Ihlhite areas  a r e  the 
r o l l i n s  p l a ins ,  highlands a r e  hatched and lowlands a r e  the dotted a reas .  
O r b i t  nuxbers a re  give:: by c r b i t  t racks .  
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Figzre 4. Calcglated ( l e0  km con:;>ensation shor t  dashed l i nc ;  200 kin 1ot;g dashes) 
2nd a b s x v e d  g rav i ty  ( s o l i d  l i n e )  f c r  Oebt t  548. 
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Figure 6 .  As f i g  4 
f 9 r  O r b i t  602. 
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Fisurs 7. As f i g .  4 
f o r  Orbit 4.40. 
W 
F i g u r e  8.  A; f i g .  4 
f o r  O r b i t  521. 
t I  I 
I 
1 
I 
